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Composite reciprocatory movements.

@ A translatory mechanism (1) for applying
composite reciprocatory movements to an op-
erational head (2) comprises a fixed support (3),
a first pivot (4) carried by the fixed support (3), a
first arm (5) pivoted at one end (8) on the first
pivot (4), a second pivot (7) carried by the other
end (8) of the first arm (5), a second arm (9)
pivoted at one end (10) on the second pivot (7),
a third pivot (11) carried by the other end (12) of
the second arm (9), the operational head (2)
being pivoted on the third pivot (11), a bell-
crank lever (13) freely pivoted on the second
pivot (7), a first control link (14) pivotally con-
nected at one end (15) to one arm (16) of the
bell-crank lever (13) and at the other end (17) to
the fixed support (3) adjacent the first pivot (4),
a second control link (18) pivotally connected at
one end (19) to the other arm (20) of the bell-
crank lever (13) and at the other end (21) to the
operational head (2) adjacent the third pivot
(11), a fourth pivot (22) on the first arm (5)
intermediate the first and second pivots (4, 7),
first drive means (23) carried by the fixed sup-
port (3), a first drive link (24) between the first
drive means (23) and the fourth pivot (22), a fifth
pivot (25) on the second arm (9) intermediate
the second and third pivots (7, 11), second drive
means (26) carried by the fixed support (3), a
second drive link (27) between the second drive
means (26) and the fifth pivot (25), and control
means (28) for operating the first and second
drive means (23, 26) in conjunction.
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This invention relates to composite reciprocatory
movements, i.e., movements in at least one plane
having two components generally perpendicular to
each other, e.g., vertical and horizontal components
or both horizontal components, and more particularly
to translatory mechanisms for applying such move-
ments to an operational head, e.g., a pick-and-place
mechanism for packaging machinery having a suction
or other pick-up head movable in a vertical plane be-
tween a product feed conveyor run and a receiving
carton conveyor run moving in horizontal planes per-
pendicular to each other. Similar mechanisms may be
for moving and/or directing air jets, applicators for
paints and adhesives or other fluids or pastes, grip-
ping jaws, scoops, pushers or piercers; and may
include additional movements of the operational
head, such as linear with respect to a single axis or
multiple axes, partial rotation which is reversible, or
full rotation which is continuous, intermittent or index-
ing, uni-directional or reversing; and all devices and
translatory mechanisms may be used singly or in
combination one with another or others.

It is known for such a translatory mechanism to
comprise an operational head carried by a ftrolley
movable along a first linear guide by first drive means,
such as a double-acting hydraulic or pneumatic cyli-
nder, or reversible motor-driven screw, chain, gear
and/or belt means, with the first linear guide itself
movable along a second linear guide perpendicular
thereto by second drive means, usually similar to the
first drive means. In order to ensure precision of
movement of the oprational head, such a mechanism
requires a robust construction throughout, which
because of its high inertia results in a vicious circle
and is particularly detrimental to operation at high
cycling speeds, e.g., in excess of 60 cycles per
minute.

A robot mechanism has been considered for a
pick-and-place mechanism for packaging machinery,
consisting of an "upper" arm having a first pivot at its
upper end carried by a fixed support, a "lower" arm
having a second pivot at one end carried by the lower
end of the "upper" arm, a pick-up head carried by the
other end of the "lower" arm, and motor drives for the
first and second pivots operable in conjunction to
impart the composite reciprocatory movements to the
pick-up head. Because of the weight of the pick-up
head (and product transferred thereby) and the lever-
age involved, sizeable motor drives would be required
- particularly for the first pivotwith resultant appreci-
able inertia, which would be added to by any gear-
boxes needed to achieve the desired cycling speeds.

The object of the invention is to provide a trans-
latory mechanism for applying composite reciprocat-
ory movements to an operational head without the
disadvantages referred to above.

According to the present invention, a translatory
mechanism for applying composite reciprocatory
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movements to an operational head comprises a fixed
support, afirst pivot carried by the fixed support, afirst
arm pivoted at one end on the first pivot, a second
pivot carried by the other end of the first arm, a second
arm pivoted at one end on the second pivot, a third
pivot carried by the other end of the second arm, the
operational head being pivoted on the third pivot, a
bell-crank lever freely pivoted on the second pivot, a
first control link pivotally connected at one end to one
arm of the bell-crank lever and at the other end to the
fixed support adjacent the first pivot, a second control
link pivotally connected at one end to the other arm of
the bell-crank lever and at the other end to the oper-
ational head adjacent the third pivot, a fourth pivot on
the first arm intermediate the first and second pivots,
first drive means carried by the fixed support, a first
drive link between the first drive means and the fourth
pivot, a fifth pivot on the second arm intermediate the
second and third pivots, second drive means carried
by the fixed support, a second drive link between the
second drive means and the fifth pivot, and control
means for operating the first and second drive means
in conjunction.

It will be appreciated that one advantageous
result is that the second drive means being carried (as
well as the first drive means) by the fixed support
relieves the mechanism of a lot of inertia. Secondly,
the mechanical advantages afforded by the drive links
between the drive means and the intermediate (fourth
and fifth) pivots permit of high cycling speeds with
relatively light duty drive means, with further reduction
in the total inertia of the mechanism. Thirdly, the
mechanical advantages can be readily adjusted by
altering the positions of the fourth and fifth pivots
along the first and second arms respectively. And
fourthly, the bell-crank lever and control links enable
precise positioning of the operational head at each
end of its movement to be ensured.

The first and second control links may have res-
pective lengths equal to the distances between the
first and second pivots and between the second and
third pivots respectively, whereby both the first arm
and first control link and the second arm and second
control link form parallel linkages, thereby maintaining
a fixed orientation of the operational head throughout
its movement. Alternatively, the respective length of
either (or each) control link may be different from the
distance between the corresponding pivots of the res-
pective arm, thereby enabling the orientation of the
operational head to change during its movement.
Again, the respective lengths and distances may be
the same but the distances between the pivotal con-
nections of either (or each) control link and the res-
pective pivots for the arms may be different in order
to effect a change in the orientation of the operational
head during its movement.

Each drive means may be a double-acting hyd-
raulic or pneumatic cylinder, or reversible motor-dri-
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ven screw, chain, gear and/or belt means. Preferably,
however, each drive means comprises a reversible
servo motor-driven screw carrying a nut pivotally con-
nected to the respective drive link.

The control means for operating the first and sec-
ond drive means in conjunction may be is a computer
programmable to adjust the speed and/or timing
and/or stroke of the drive links and thereby determine
the speed and/or extent of movement of and/or path
taken by the operational head.

Alternatively or in addition, one or more modifier
mechanisms may be applied to either or both linkages
to modify the movement of the operational head, e.g.
an eccentric or bell-crank lever on a modifier pivot on
the second arm carrying the fifth pivot and driven (i.e.,
oscillated or rocked) by a drive link between the first
arm and an eccentric drive arm or one arm of the bell-
crank lever the other arm of which carries the fifth
pivot.

In a preferred embodiment of a pick-and-place
mechanism for a packaging machine, all the pivots
have horizontal axes, the first arm depends from the
fixed suport, and the second arm extends generally
horizontally to an operational head having a pair of
suction pick-up heads, the control links forming par-
allel linkages with the respective arms so as to main-
tain the same orientation of the pick-up heads
throughout their movement. The control means for
operating the first and second drive means in conjunc-
tion, e.g. a programmable computer, may be set to
effect successions of cycles of the pick-up heads in
which the level at which the pick-up heads release the
product being picked-and-placed increases, whereby
the product can be stacked in cartons. The first arm
has duplicate bars between the first and second
pivots, while a broad single second arm extends from
the second pivot between the bars of the first arm to
the third pivot between lugs on the operational head,
which has further lugs below for pivotal connection of
duplicate rods of the second control link extending to
duplicate bell-crank levers between the bars of the
first arm and respective sides of the broad single sec-
ond arm, the first control link likewise having duplicate
rods, while the first drive link has duplicate rods
extending from the first drive means to the fourth pivot
between the bars of the first arm, and the second drive
link has duplicate rods extending from the second
drive means and passing either side of the first drive
means to the fifth pivot at either side of the broad
single second arm. The suction pick-up heads are
rotatable about vertical axes with respect to the oper-
ational head, which carries means for effecting rota-
tion of the pick-up heads, to make it possible for the
product to be turned through 90° during the pick-and-
place movement.

The invention will now be described in greater
detail, by way of example, with reference to the
accompanying drawings.
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A translatory mechanism 1 for applying compo-
site reciprocatory movements to an operational head
2 comprises a fixed support 3, a first pivot 4 carried
by the fixed support 3, a first arm 5 pivoted at one end
6 on the first pivot 4, a second pivot 7 carried by the
other end 8 of the first arm 5, a second arm 9 pivoted
at one end 10 on the second pivot 7, a third pivot 11
carried by the other end 12 of the second arm 9, the
operational head 2 being pivoted on the third pivot 11,
and a bell-crank lever 13 freely pivoted on the second
pivot 7. A first control link 14 is pivotally connected at
one end 15 to one arm 16 of the bell-crank lever 13
and at the other end 17 to the fixed support 3 adjacent
the first pivot 4. A second control link 18 is pivotally
connected at one end 19 to the other arm 20 of the
bell-crank lever 13 and at the other end 21 to the oper-
ational head 2 adjacent the third pivot 11. A fourth
pivot 22 is provided on the first arm 5 intermediate the
first and second pivots 4 and 7. A first drive means 23
is also carried by the fixed support 3, with a first drive
link 24 between the first drive means 23 and the fourth
pivot 22. A fifth pivot 25 is provided on the second arm
9 intermediate the second and third pivots 7 and 11.
A second drive means 26 is also carried by the fixed
support 3, while a second drive link 27 extends be-
tween the second drive means 26 and the fifth pivot
25, while control means 28 is provided for operating
the first and second drive means 23 and 26 in con-
junction.

The first and second control links 14 and 18 have
respective lengths equal to the distances between the
first and second pivots 4 and 7 and between the sec-
ond and third pivots 7 and 11 respectively, whereby
both the first arm 5 and first control link 14 and the sec-
ond arm 9 and second control link 18 form parallel lin-
kages, thereby maintaining a fixed orientation of the
operational head 2 throughout its movement.

Each drive means 23, 26 comprises a reversible
servo motor-driven screw 29 carrying a nut 30 pivot-
ally connected to the respective drive link 24 and 27.

The control means 28 for operating the first and
second drive means 23 and 26 in conjunction is a
computer programmable to adjust the speed and/or
timing and/or stroke of the drive links 5 and 9 and
thereby determine the speed and/or extent of move-
ment of and/or path taken by the operational head 2.

The embodiment illustrated is a pick-and-place
mechanism 1 for a packaging machine in which case
all the pivots 4, 7, 11, 22 and 25 have horizontal axes,
the first arm 5 depends from the fixed support 3, and
the second arm 9 extends generally horizontally to the
operational head 2 having a pair of suction pick-up
heads 31. The control links 14, 18 form parallel lin-
kages with the respective arms 5 and 9 so as to main-
tain the same orientation of the pick-up heads 31
throughout their movement. The control means 28 for
operating the first and second drive means in conjunc-
tion, e.g., a programmable computer, may be set by
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standard control engineering techniques to effect suc-
cessions of cycles of the pick-up heads 31 in which
the level at which the pick-up heads 31 release the
product 32 being picked-and-placed increases,
whereby the product 32 can be stacked in carlons 33.
The first arm 5 has duplicate bars between the first
and second pivots 4 and 7, while a broad single sec-
ond arm 9 extends from the second pivot 7 between
the duplicate bars of the first arm 5 to the third pivot
11 between lugs on the operational head 2, which has
further lugs below for pivotal connection of duplicate
rods of the second control link 18 extending to dupli-
cate bell-crank levers 13 between the bars of the first
arm 5 and respective sides of the broad single second
arm 9, the first control link 14 likewise having dupli-
cate rods, while the first drive link 24 has duplicate
rods extending from the nut 30 of the first drive means
23 to the fourth pivot 22 between the bars of the first
arm 5, and the second drive link 27 has duplicate rods
extending from the-nut 30 of the second drive means
26 and passing either side of the screw 29 of the first
drive means 23 to the fifth pivot 25 at either side of the
broad single second arm 9. The suction pick-up heads
31 are rotatable about vertical axes with respect to the
operational head 2, which carries means for effecting
rotation of the pick-up heads 31, to make it possible
for the product to be turned through 90° during the
pick-and-place movement.

Different operational positions of the first and sec-
ond arms 5 and 9, the operational head 2, the suction
pick up heads 31, are indicated in chain-dotted line.

Claims

1. A translatory mechanism (1) for applying compo-
site reciprocatory movements to an operational
head (2) comprises a fixed support (3), a first pivot
(4) carried by the fixed support (3), a first arm (5)
pivoted at one end (6) on the first pivot (4), a sec-
ond pivot (7) carried by the other end (8) of the
first arm (5), a second arm (9) pivoted at one end
(10) on the second pivot (7), a third pivot (11) car-
ried by the other end (12) of the second arm (9),
the operational head (2) being pivoted on the third
pivot (11), a bell-crank lever (13) freely pivoted on
the second pivot (7), a first control link (14) pivot-
ally connected at one end (15) to one arm (16) of
the bell-crank lever (13) and at the other end (17)
to the fixed support (3) adjacent the first pivot (4),
a second control link (18) pivotally connected at
one end (19) to the other arm (20) of the bell-
crank lever (13) and at the other end (21) to the
operational head (2) adjacent the third pivot (11),
afourth pivot (22) on the first arm (5) intermediate
the first and second pivots (4, 7), first drive means
(23) carried by the fixed support (3), a first drive
link (24) between the first drive means (23) and
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the fourth pivot (22), a fifth pivot (25) on the sec-
ond arm (9) intermediate the second and third
pivots (7, 11), second drive means (26) carried by
the fixed support (3), a second drive link (27) be-
tween the second drive means (26) and the fifth
pivot (25), and control means (28) for operating
the first and second drive means (23,26) in con-
junction.

A mechanism as claimed in Claim 1, wherein the
first and second control links (14, 18) have res-
pective lengths equal to the distances between
the first and second pivots (4, 7) and between the
second and third pivots (7, 11) respectively,
whereby both the first arm (5) and first control link
(14) and the second arm (9) and second control
link (18) form parallel linkages.

A mechanism as claimed in Claim 1, wherein the
respective length of either (or each) control link
(14, 18) are different from the distance between
the corresponding pivots of the respective arm,
thereby enabling the orientation of the oper-
ational head (2) to change during its movement.

A mechanism as claimed in Claim 1, wherein the
respective lengths of the first and second control
links (14, 18) and distances between the first and
second pivots (4, 7) and between the second and
third pivots (7, 11) may be the same but the dist-
ances between the pivotal connections of either
(or each) control link (14, 18) and the respective
pivots for the arms may be different in order to
effect a change in the orientation of the oper-
ational head (2) during its movement.

A mechanism as claimed in any preceding Claim,
wherein each drive means (23, 26) is a double-
acting hydraulic or pneumatic cylinder, or revers-
ible motor-driven screw, chain, gear and/or belt
means.

A mechanism as claimed in Claim 5, in the revers-
ible motor driven screw (29) embodiment, whe-
rein each drive means comprises a reversible
servo motor-driven screw carrying a nut (30)
pivotally connected to the respective drive link
(24, 27).

A mechanism as claimed in any preceding Claim,
wherein the control means (28) for operating the
first and second drive means (23, 26) in conjunc-
tion is a computer programmable to adjust the
speed and/or timing and/or stroke of the drive
links (5, 9) and thereby determine the speed
and/or extent of movement of and/or path taken
by the operational head (2).
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A mechanism as claimed in any preceding Claim,
wherein one or more modifier mechanisms are
applied to either or both linkages to modify the
movement of the operational head, e.g. an eccen-
tric or bell-crank lever on a modifier pivot on the
second arm carrying the fifth pivot and driven (i.e.,
oscillated or rocked) by a drive link between the
first arm and an eccentric drive arm or one arm of
the bell-crank lever the other arm of which carries
the fifth pivot.

A mechanism as claimed in any preceding Claim,
wherein in an embodiment of a pick-and-place
mechanism (1) for a packaging machine, all the
pivots (4, 7, 11, 22, 25) have horizontal axes, the
first arm (5) depends from the fixed support (3),
and the second arm (9) extends generally hori-
zontally to an operational head (2) having a pair
of suction pick-up heads (31), the control links
(14, 18) forming parallel linkages with the respec-
tive arms (5, 9) so as to maintain the same orien-
tation of the pick-up heads (31) throughout their
movement.

A mechanism as claimed in Claim 9, wherein the
control means (28) for operating the first and sec-
ond drive means in conjunction, e.g. a programm-
able computer, is set to effect successions of
cycles of the pick-up heads in which the level at
which the pick-up heads (31) release the product
being picked-and-placed increases, whereby the
product (32) can be stacked in cartons (33).

A mechanism as claimed in Claim 9 or Claim 10,
wherein the first arm (5) has duplicate bars be-
tween the first and second pivots (4, 7), while a
broad single second arm (9) extends from the
second pivot (7) between the bars of the first arm
(5) to the third pivot (11) between lugs on the
operational head (2), which has further lugs
below for pivotal connection of duplicate rods of
the second control link (19) extending to duplicate
bell-crank levers (13) between the bars of the first
arm (5) and respective sides of the broad single
second arm (9), the first control link (14) likewise
having duplicate rods, while the first drive link (24)
has duplicate rods extending from the first drive
means (23) to the fourth pivot (22) between the
bars of the first arm (5), and the second drive link
(27) has duplicate rods extending from the sec-
ond drive means (26) and passing either side of
the first drive means (23) to the fifth pivot (25) at
either side of the broad single second arm (9).

A mechanism as claimed in any one of Claims 9
to 11, wherein the suction pick-up heads (31) are
rotatable about vertical axes with respect to the
operational head (2), which carries means for
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effecting rotation of the pick-up heads (31), to
make it possible for the product to be turned
through 90° during the pick-and-place movement.
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